During a 7-month period in 1978 to 1979, 31 patients and personnel at a Kentucky hospital were colonized or infected with a Staphylococcus aureus strain resistant to clindamycin, erythromycin, gentamicin, methicillin, penicillin, and tetracycline. S. epidermidis with similar antibiotic resistance patterns had been isolated in this hospital in the year before the S. aureus outbreak. A 32-megadalton R-plasmid, pUW3626, mediating resistance to penicillin and gentamicin, was present in these isolates and in coisolated S. epidermidis from the same outbreak. By colony hybridization, pUW3626 was homologous to gentamicin Rplasmids from staphylococci isolated in other geographic areas. Our studies suggest that the emergence of antibiotic resistance in S. aureus may result from genetic transfer from S. epidermidis as well as from the interhospital spread of resistant staphylococci.
Staphylococcal infections have remained a significant nosocomial problem since the emergence of penicillin-resistant phage type 80/81 in the 1950s. Though the phage types and antibiotic resistance patterns have varied in the ensuing decades, Staphylococcus aureus is the second most commonly isolated pathogen, accounting for 10% of all nosocomial infections (1) and presenting special problems for nurseries and surgical services. Recent reports describe serious outbreaks with isolates resistant to many commonly used anti-staphylococcal antibiotics, particularly the ,-lactamase-resistant semisynthetic penicillins (6) .
Despite the significance of the problem, there are few studies which define either the epidemiological or the microbiological factors responsible for the emergence or the spread of multiply resistant S. aureus. We have examined the molecular epidemiology of a prolonged outbreak in a Kentucky hospital in an attempt to explain these features. In this communication we report the presence of a common Pc and Gm R-plasmid in S. aureus and S. epidermidis from this hospital and the homology of this plasmid to Gm Rplasmids in staphylococci from other geographic Purification of plasmid DNA. Purified plasmid DNA was prepared by isopycnic cesium chloride-ethidium bromide (CsCl-EtBr) sedimentation (8, 17) . Cleared lysates from 500 ml of shaken overnight cultures were prepared by the above procedure with proportional increases in reagents. CsCl-EtBr gradients were sedimented at 50,000 rPM for 14 h in a VTi 50 rotor (Beckman Instruments, Inc.) in a Beckman L8-70 ultracentrifuge. Plasmid bands were visualized with a UV light source and withdrawn by needle and syringe. Plasmid DNA was resedimented in a VTi 65 rotor (Beckman) at 65,000 rpm for 3 h. Plasmid bands were withdrawn as above, and EtBr was extracted with CsCl and water-saturated isopropanol, precipitated with isopropanol, and resuspended in TE.
Plasmid analysis. Plasmid copy number determination was performed by an adaptation of the method of Clewell and Helinski (2) , and the guanine and cytosine content was measured as described by Schildkraut et al. (18) . CsCl-EtBr-purified plasmid DNA was cleaved with the restriction endonuclease HindIII (Bethesda Research Laboratories) as described by the supplier. Contour lengths of plasmid DNA were measured (3), using simian virus 40 as a molecular size standard. Plasmid curing was attempted by repeated passage, growth at 42°C (13) , and growth in novobiocin (14) . Plasmid DNA was visualized on 2.5-mm vertical gels of 0.7% agarose by the methods described by Greene et al. (4) . Restricted plasmid DNA was analyzed by electrophoresis in 1.0%o agarose in Tris-acetate buffer.
Plasmid DNA hybridization. Qualitative filter blot DNA hybridizations were performed by the method of Moseley and Falkow (15) . Restricted or unrestricted plasmid DNA was transferred onto nitrocellulose paper (NCP) as described by Southern (19) . Colony blots were prepared by inoculating staphylococcal strains directly onto NCP overlying nutrient agar and by denaturing and fixing DNA directly to the NCP after 48 h of growth. All DNA-NCP preparations were hybridized with a plasmid probe labeled with 32P by nick translation (12) . Autoradiographs were obtained by exposing X-Omat-R X-ray film (Kodak) to posthybridization NCP for 24 to 48 h at -70°C.
RESULTS
Multiply resistant S. aureus was isolated from 31 patients and personnel at a Kentucky hospital during a 7-month period in 1978 to 1979. These isolates were related by similar phage lysis patterns and identified by a characteristic antibiogram (resistance to clindamycin, erythromycin, gentamicin, methicillin, penicillin, and tetracycline). S. aureus with this antibiogram, which had not been previously recognized in this hospital, was first identified in an intensive care unit and then in the burn unit and on the general surgery service. S. aureus disease consisted of bacteremia, pneumonia, and urinary tract or surgical wound infections. The epidemic was eventually controlled by cohorting colonized patients and personnel and by reemphasizing aseptic techniques.
As part of the investigation of the epidemic, colonization surveys of wounds, nares, stool, and urines were conducted which revealed strains of S. aureus with antibiograms similar to the epidemic organism (Table 1 ). In addition, the survey also identified a group of S. epidermidis isolates that were resistant to the same antibiotics as were the epidemic S. aureus isolates. Although S. aureus with this antibiogram had not been previously recognized in this hospital, S. epidermidis isolates with the same antibiogram had been isolated in the year before the outbreak of S. aureus disease.
To better understand the emergence and spread of S. aureus and the significance of similar antibiotic resistance patterns among coisolated S. aureus and S. epidermidis strains, we examined the molecular nature of antibiotic resistance in isolates from this hospital. As control strains we examined S. aureus and S. epidermidis which had been isolated from hospitals in Ohio, Illinois, and Washington in 1979 and 1980.
Plasmid DNAs from S. aureus isolates are shown in Fig. 1 and gentamicin. Five cured strains, though resistant to clindamycin, erythromycin, methicillin, and tetracycline, were plasmid-free by agarose gel electrophoresis. The plasmid profiles of the S. epidermidis and the representative S. aureus isolates showed large-molecular-weight plasmids similar in mass to pUW3626 (Fig. 3) . Restriction of these S. epidermidis plasmids with HindIII demonstrated a varying number of fragments common to pUW3626. Two S. epidermidis strains had all but one of the HindIII restriction bands present in pUW3626, and several other isolates had several restriction bands in common (Fig. 4) .
Qualitative DNA hybridization further demonstrated the similarity of these plasmids (Fig.  5) . Studies with restricted plasmid DNA (data not shown) from S. aureus and S. epidermidis demonstrated homology among all comigrating fragments. Colony hybridization demonstrated that the probe pUW3626 was homologous to all Gm strains of S. aureus and S. epidermidis from this outbreak. Moreover, pUW3626 was also homologous to Gm strains from hospitals in other cities. Tests with various cured strains and strains containing other plasmids indicated that the homology was solely to the Gm plasmid. Homology studies with unrestricted plasmid DNA (data not shown) showed that in strains of S. aureus and S. epidermidis with multiple plasmids only the large Gm plasmids were homologous to pUW3626.
DISCUSSION
We have demonstrated the presence of a common large plasmid mediating resistance to penicillin and gentamicin in epidemic S. aureus and S. epidermidis coisolated during a nosocomial S. aureus outbreak in a Kentucky hospital. The epidemic S. aureus strain was resistant to erythromycin, clindamycin, gentamicin, methicillin, penicillin, and tetracycline. The gentamicin and penicillin resistances were plasmid medi- ated as evidenced by the curing experiments. The other resistance determinants appeared to be chromosomal, a rare situation for resistance to tetracycline and erythromycin, which are usually mediated by small plasmids (11) . The methicillin resistance was not plasmid mediated, which is consistent with most previous reports (11) . It is unlikely that such determinants are also present on the Pc and Gm plasmid, since the cured strains that were still resistant to clindamycin, erythromycin, methicillin, and tetracycline failed to hybridize with the plasmid probe in the blotting experiments.
The plasmid associated with the epidemic S. aureus strain is common to coisolated S. epidermidis, similar to nonepidemic gentamicin-resistant S. aureus from this hospital, and homologous to gentamicin-resistant S. aureus and S. epidermidis isolates from other hospitals in different geographic areas. These observations suggest: (i) the potential role of a ubiquitous, usually nonpathogenic organism as a source for pathogens of multiple-antibiotic-resistant plasmids; (ii) effective inter-and intraspecific genetic exchange among staphylococci; and (iii) that Gm plasmids in S. aureus and S. epidermidis, even from diverse geographic areas, may be homologous or even clonal. The presence of common R-plasmids has previously been demonstrated for strains of resistant S. aureus and S. epidermidis. Several authors have noted the similarity between Pc and Tc R-plasmids in S. aureus and S. epidermidis, and one study has demonstrated a 12-Md Gm Rplasmid in both species from an outbreak in an Illinois nursery (7, 9, 10) . Our report and the reports of others suggest that S. epidermidis may serve as a reservoir for antibiotic resistance in S. aureus. This reservoir may explain both the emergence and the persistence of nosocomial outbreaks of resistant S. aureus. Certain practices, including the use of topical antibiotics, may promote the selection of resistant S. epidermidis, establishing a potential reservoir for S.
aureus.
The diversity of homologous plasmids in different species and strains suggests efficient mechanisms of gene transfer, perhaps promoted by intensive selective pressures. A previous report describes changing phage types of gentamicin-resistant S. aureus during an outbreak in a nursery (5), suggesting plasmid transfer. In this outbreak similar plasmids were identified in epidemic and coisolated gentamicin-resistant S. aureus strains with differing phage types or differing chromosomal resistance markers. We have no data to confirm that these similar plasmids resulted from intra-or interspecific transfer, but for each S. aureus plasmid there are plasmids in S. epidermidis with similar restriction patterns. The mechanism by which the interspecific transfer of antibiotic resistance occurs in staphylococci has been studied by several authors, yet remains undefined. R-plasmids have been transferred in vitro by mixed-culture techniques (10) , but only at low frequencies. It is of note that one author has been able to intraspecifically transfer R-plasmids by coincubation of S. aureus strains on human skin (16) . Thus, the natural habitat of these organisms, combined with topical or environmental antibiotic selective pressure, may provide the conditions suitable for gene transfer.
The clonal nature of Gm plasmids in S. aureus and S. epidermidis in this hospital is evidenced by DNA restriction and homology studies. The diversity of plasmid profiles among the multiply resistant S. epidermidis strains, in contrast to the similarity of profiles among the epidemic S. aureus strains, suggests that this plasmid evolved among S. epidermidis strains and was transferred to an S. aureus strain which was then spread from patient to patient. This hypothesis is also supported by the isolation of S. epidermidis with this antibiotic resistance pattern before the S. aureus outbreak. The homology of these Gm plasmids from different hospitals is more intriguing. This is explained by either parallel evolution promoted by common selective pressures or interhospital transmission of staphylococci, or both.
Though the intrahospital spread of staphylococci is clearly related to hygienic patient care practices, there are microbial characteristics of certain strains which allow emergence and predominance within the hospital and over large geographic areas. The history of nosocomial staphylococcal infections is remarkable for the appearance and disappearance of clones such as the penicillin-resistant phage type 80/81 isolates of the 1950s and 1960s. It appears that a similar phenomenon is occurring with these Gm strains.
The question remains as to whether these clones are predominant only as a result of the antibiotic selective pressure and hygiene or whether these plasmids provide additional virulence factors enabling better survival and transmission.
